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ABSTRACT 
Disclosed are various embodiments of an infrared proximity 
sensor package comprising an infrared transmitter die , an 
infrared receiver die , a housing comprising sidewalls , a first 
recess , a second recess , a partitioning divider disposed 
between the first and second recesses , and an overlying 
shield comprising an infrared - absorbing material . The trans 
mitter die is positioned in the first recess , and the receiver die 
is positioned within the second recess . The partitioning 
divider comprises liquid crystal polymer ( LCP ) such that the 
partitioning divider and the infrared - absorbing material of 
the shield cooperate together to substantially attenuate and 
absorb undesired infrared light that might otherwise become 
internally - reflected within the housing or incident upon the 
receiver as a false proximity or object detection signal . 
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INFRARED PROXIMITY SENSOR PACKAGE light reflected from an object to be detected passes through 
WITH IMPROVED CROSSTALK ISOLATION the second aperture for detection by the receiver , the shield 

comprising an infrared - absorbing material disposed on at 
FIELD OF THE INVENTION least a top surface thereof , a housing comprising sidewalls , 

5 a first recess , a second recess and a partitioning divider 
Various embodiments relate to the field of infrared prox disposed between the first and second recesses , where the 

transmitter is disposed in the first recess , the receiver is imity sensor packages generally , devices which employ such disposed in the second recess , and the partitioning divider packages , and methods of making and using same . comprises liquid crystal polymer ( LCP ) . The partitioning 
BACKGROUND divider and the infrared - absorbing material of the shield 10 cooperate together to substantially attenuate and absorb 

undesired infrared light that may otherwise become inter Many optical proximity sensors known in the art are made nally - reflected within the housing or incident upon the 
using an infrared LED and an infrared light detector . Light receiver as a false signal . 
from the LED is reflected from an object to be detected back In another embodiment , there is provided a method of 
to the detector , and the strength of the received signal is 15 making an infrared proximity sensor package comprising 
proportional to the distance of the object to be detected from providing an infrared transmitter , providing an infrared 
the sensor . Such optical proximity sensors find applications receiver , providing a shield disposed atop the package and 
in many portable devices such as mobile telephones , smart having first and second apertures disposed therethrough and 
phones and PDAs , and can be used , by way of example , to positioned over the infrared transmitter and the infrared 
activate or de - activate touch screens . 20 receiver , respectively , such that infrared light emitted by the 

Examples of optical proximity sensors include the transmitter passes through the first aperture and infrared 
AVAGO TECHNOLOGIESTM APDS - 9120 and QPDS - 9120 light reflected from an object to be detected passes through 
optical proximity sensor packages , which contain an inte - the second aperture for detection by the receiver , the shield 
grated high efficiency infrared emitter and a detector or comprising an infrared - absorbing material disposed at least 
photodiode housed in a small form factor surface mount 25 on a top surface thereof , providing a housing comprising 
device ( SMD ) package . In the APDS - 9120 optical proximity sidewalls , a first recess , a second recess and a partitioning 
sensor package , as in many other proximity sensor packages divider disposed between the first and second recesses , 
manufactured by companies other than AVAGO TECH positioning the transmitter within the first recess , and posi 
NOLOGIESTM such as SHARPTM , ROHMTM and tioning the receiver within the second recess . The partition 
VISHAYTM , an infrared transmitter die must be placed in 30 ing divider comprises liquid crystal polymer ( LCP ) such that 
very close proximity to an infrared receiver die ( e . g . , mere the partitioning divider and the infrared - absorbing material 
millimeters apart in the same package ) . of the shield cooperate together to substantially attenuate 

One significant issue in the design of optical proximity and absorb undesired infrared light that may otherwise 
sensors is optical crosstalk , where stray light from the LED become internally - reflected within the housing or incident 
falls on the detector and can generate an undesired false 35 upon the receiver as a false signal . 
signal mimicking a true proximity or object detection signal . In other embodiments , there are provided methods of 
Transmitted or received infrared light rays tend to bounce using and making the foregoing infrared proximity sensor 
around or reflect internally within such packages , and also to package . Numerous other embodiments are also contem 
generate scattered , stray reflected or otherwise undesired plated . 
infrared light rays that bounce off of cover windows or other 40 
external objects , resulting in undesired infrared signal cross BRIEF DESCRIPTION OF THE DRAWINGS 
talk occurring in respect of both the transmitter and the 
receiver . FIG . 1 shows a top perspective view of one embodiment 

If optical cross talk is too high it can have a detrimental of an infrared proximity sensor package ; 
effect on the overall sensing distance the device is capable 45 FIG . 2 shows a top plan view of the package of FIG . 1 
of achieving , and hence limits device performance . Further with no shield disposed thereover ; 
exacerbating the foregoing problems is the distinct tendency FIG . 3 shows another top plan view of the package of 
of infrared radiation to pass substantially or barely unat - FIG . 2 ; 
tenuated through many different materials , such as printed FIG . 4 shows a side perspective partial cross - sectional 
circuit boards , many plastics and polymers , and even thin 50 view of the packages of FIGS . 1 through 3 ; 
ceramic materials . As the demand for ever smaller proximity FIG . 5 illustrates crosstalk isolation results obtained 
sensor packages increases , the problem of eliminating or according to one embodiment of an optical proximity sensor 
reducing such infrared signal crosstalk becomes more or package ; 
urgent . FIG . 6 shows a functional block diagram according to 
What is needed is an infrared proximity sensor package 55 another embodiment of an infrared proximity sensor pack 

that features reduced infrared signal crosstalk , but that is 
inexpensive and easy to manufacture . FIG . 7 shows various steps according to one embodiment 

of a method of making an infrared proximity sensor pack 
SUMMARY age . 

60 The drawings are not necessarily to scale . Like numbers 
In one embodiment , there is provided an infrared prox - refer to like parts or steps throughout the drawings . 

imity sensor package comprising an infrared transmitter , an 
infrared receiver , a shield disposed atop the package and DETAILED DESCRIPTIONS OF SOME 
having first and second apertures disposed therethrough and PREFERRED EMBODIMENTS 
positioned over the infrared transmitter and the infrared 65 
receiver , respectively , such that infrared light emitted by the In the following Detailed Description , reference is made 
transmitter passes through the first aperture and infrared to the accompanying drawings , which form a part hereof , 

age , and 
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and in which are illustrated specific embodiments according lenses , and other types of lenses known to those skilled in 
to which the invention may be practiced . In this regard , the art capable of being configured to collimate and / or focus 
directional terminology , such as “ top , ” “ bottom , " " atop , " infrared light . 
“ beneath , ” “ forward , ” “ backward , ” “ side , ” “ front , ” “ back , ” In one embodiment , the first and second lenses are formed 
etc . , is used with reference to the orientation of the Figures 5 of a suitable thermoset epoxy material , which may be poured 
being described . Because the components of various atop transmitter 70 into first recess 50 and atop receiver 60 
embodiments of the invention may be positioned in a into second recess 48 , shaped , and then cured at a suitable 
number of different orientations , the directional terminology elevated temperature until sufficiently hardened . In another 

embodiment , the first and second lenses are integrally is used for purposes of illustration and is in no way limiting . 
It is to be understood that other embodiments may be 10 molded in an infrared - pass material molded over at least 
utilized , and that structural or logical changes may be made some of the components disposed within housing 46 . In 

either embodiment , the lenses may be tinted black to permit without departing from the scope of the present invention . infrared light transmittance but little or no transmittance of The following Detailed Description , therefore , is not to be light having wavelengths below about 750 nm or about 700 
taken in a limiting sense , and the scope of the present 15 the present 15 nm , and thus can be configured to act as low - cut filters . 
invention is defined by the appended claims . Referring to FIGS . 2 and 3 , in some embodiments 

FIG . 1 is a top perspective view of one embodiment of receiver 60 is a photodiode chip manufactured by TYNTEK 
infrared proximity sensor package 10 . In one embodiment , having model number TK - 043 PD . Note that receiver 60 
shield 111 is disposed atop package 10 and housing 46 and may be any one of a PIN diode , a photo - diode and a 
has first and second apertures 112 and 114 disposed there - 20 phototransistor . Other types of dice and receivers known to 
through and positioned over infrared transmitter 70 ( see those skilled in the art are also contemplated for receiver 60 . 
FIG . 2 ) and infrared receiver 60 ( see FIG . 2 ) , respectively , Continuing to refer to FIG . 2 , in some embodiments trans 
such that infrared light emitted by transmitter 70 passes mitter 70 is P / N mesa type AlGaAs / GaAs infrared chip , also 
through first aperture 112 and infrared light reflected from an manufactured by TYNTEK , having model number TK 
object to be detected passes through second aperture 114 for 25 114IRA . Other types of dice and emitters known to those 
detection by receiver 60 . skilled in the art are also contemplated for transmitter 70 . 

FIGS . 2 and 3 shows top plan views of optical proximity In some embodiments , transmitter 70 and receiver 60 are 
sensor 10 with shield 111 removed therefrom . As shown in configured for operation within a bandwidth ranging 

between about 800 nm and about 1100 nm , or between about FIGS . 2 and 3 , transmitter 70 is positioned within first recess 
50 . Receiver 60 is positioned within second recess 48 . 30 30 850 nm and about 900 nm . 11 . When operably disposed 

within housing 46 , an edge of transmitter 70 closest to an According to one embodiment , receiver 60 and transmitter 
70 are semiconductor dice . Partitioning divider 52 of hous edge of receiver 60 is optimally less than about 2 mm so that 

package 10 may be made as small as practicable : Package 10 ing 46 comprises liquid crystal polymer ( LCP ) such that illustrated in FIGS . 1 , 2 , 3 and 4 is particularly efficacious infrared light internally - reflected within housing 46 and 4 35 owing to its overall small size . For example , width 54 may 
between first and second recesses 50 and 48 , such as , by way be only about 4 . 5 mm , length 56 may be only about 4 . 5 mm , 
of example in the direction of partitioning divider 52 , is and distance 58 may be only about 1 . 2 mm . 
substantially attenuated or absorbed by the LCP contained As discussed above , transmitter 70 is disposed within first 
therein , more about which we say below . recess or cavity 50 , and is separated from second cavity 48 

As shown in FIGS . 2 , 3 and 4 , housing 46 comprises 40 by partitioning divider 52 . Receiver 60 is disposed in second 
sidewalls 45 having inner surfaces 47 and being disposed cavity 48 along with processor or ASIC 90 , which in a 
between first recess 50 and second recess 48 which extend preferred embodiment is operably connected to transmitter 
vertically between lower and upper housing portions 43 and 70 and receiver 60 by means of wirebonding ( not shown in 
42 thereof , respectively . First and second recesses 50 and 48 the Figures ) . In some embodiments , terminal pins 101 
are separated by partitioning divider 52 , which in one 45 through 110 are also operably connected to processor 90 , 
embodiment is integrally molded to the remainder of hous - transmitter die 70 and receiver die 60 , as the case may be , 
ing 46 . by wirebond connections ( not shown in the Figures ) . Other 

In the embodiment of housing 46 shown in FIG . 2 , means of establishing electrical connections between exter 
distance 58 between infrared transmitter 70 and infrared nal devices and the various components of package 10 may 
receiver 60 most preferably ranges between about 2 mm and 50 also be employed , such as solder ball and bump techniques , 
about 8 mm , and housing width 54 most preferably ranges ball grid array techniques , or other techniques such as 
between about 2 mm and about 8 mm . In the embodiment of forming conventional solder connections . 
housing 46 shown in FIG . 2 , partitioning divider thickness Note that infrared proximity sensor package 10 may 
T most preferably exceeds about 0 . 4 mm , about 0 . 5 mm , further comprise a quad flat no lead ( QFN ) lead frame 
about 0 . 6 mm , or about 0 . 7 mm . 55 having infrared transmitter 70 secured to a first frame 

According to one embodiment , but not shown in the portion thereof , and infrared receiver die 60 secured to a 
Figures , first and second lenses may be provided that are second frame portion thereof ( not shown in the Figures ) . 
configured to fit , respectively , over , within , adjacent to , or Such a lead frame is preferably configured to fit beneath 
beneath first aperture 112 and second aperture 114 such that housing 46 and to engage lower lower portions 43 thereof . 
infrared light transmitted upwardly by transmitter 70 is 60 Terminal pins 101 , 102 , 103 , 104 , 105 , 106 , 107 , 108 , 
collimated and focused in an upward predetermined direc - 109 , and 110 having approximate length 152 and width 154 
tion by the first lens , and such that infrared light reflected are configured to permit electrical connection of package 10 
from an object to be detected and arriving at the second lens to one or more electronic devices external thereto . Sensor 
from a downward direction is collimated and focused package 10 may be incorporated into or operably connected 
towards receiver 60 . Various types of lens configurations are 65 to one or more of a portable electronic device , a hand - held 
contemplated , such as separate first and second lenses , portable electronic device , a stationary electronic device , a 
concave lenses , convex lenses , compound lenses , fresnel washing machine , a dryer , an exercise machine , an industrial 
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control or switching device , a camera , a toy , a mobile The magnitude of these false and undesired infrared signals 
telephone , a smart phone , a touchscreen , a cellular tele - is reduced substantially by the combination of the infrared 
phone , a portable music player , a remote control , a televi absorbing properties of shield 111 and the LCP composition 
sion , an air conditioning unit , a heating unit , an audio of at least portions of housing 46 . Instead , the detection and 
playback device , an audio recording device , an MP3 player , 5 reception of infrared light rays 96 reflected from the object 
a laptop computer , a personal data assistant ( PDA ) , a radio , to be detected is maximized , while the magnitude of unde 
a transceiver , a telephone , an appliance , an auto - volume sired crosstalk is minimized . 
adjustment circuit , and an open - phone detection circuit The unusual infrared radiation absorption and attenuation 
( such as may be employed in a clamshell - style mobile properties of LCP , and the thickness T of partitioning divider 
phone ) . 10 52 employed in the housing are borne out by the compara 

In still other embodiments of package 10 , it is contem - tive crosstalk measurements shown in FIG . 5 . The graph and 
plated that dividing partition 52 have a thickness less than table of FIG . 5 show the results of crosstalk measurements 
about 0 . 4 mm , package 10 have a width or a length less than made using infrared transmitters and receivers placed in 
about 5 mm , and / or a height less than at least one of about adjoining first and second cavities separated by partitioning 
3 mm , about 2 mm , and about 1 . 2 mm . 15 dividers 52 of different thicknesses . AVAGO TECHNOLO 

Referring now to FIGS . 1 through 4 , housing 46 com - GIESTM APDS - 9120 proximity sensor packages were 
prises upper housing portion 42 , lower housing portion 43 , adapted to provide housings having partitioning dividers 52 
sidewalls 45 , first recess 50 and second recess 48 . As formed of different thicknesses T , and crosstalk was then 
previously described , first and second recesses 50 and 48 are measured . As illustrated by the results shown in the graph 
separated by partitioning divider 52 , which in a preferred 20 and table of FIG . 5 , slight increases in the thickness T of 
embodiment is integrally molded to other portions of hous - LCP partitioning divider 52 are critical in reducing the 
ing 46 . In one embodiment , the entire housing is injection amount of optical crosstalk between transmitter 70 and 
molded from LCP . In other embodiments , at least dividing receiver 60 . As shown in FIG . 5 , at a thickness T of 0 . 6 mm 
partition 52 comprises LCP , and one or more of sidewalls 45 , optical crosstalk between transmitter 70 and receiver 60 is 
upper housing portion 42 , and lower housing portion 43 25 reduced by 98 . 6 % . 
comprises LCP . Less preferably , an admixture of LCP and a LCPs having suitable compositions and properties for use 
suitable polymer may be employed to form housing 46 or in infrared proximity sensor housings may be obtained from 
various portions thereof . Also less preferably , dividing par - suppliers such as SOLVAY ADVANCED POLYMERSTM 
tition 52 may be formed of LCP , while the remaining located at 4500 McGinnis Ferry Road , Alpharetta , Ga . 
portions of housing 46 may be formed from plastic , a 30 3005 - 3914 . One type of LCP manufactured by Solvay 
polymer , or a metal or metal alloy . In one embodiment , at Advanced Polymers that has been demonstrated to be par 
least portions of a lead frame are moldably integrated into ticularly efficacious for forming housings of the present 
housing 46 . invention is XYDAR G - 930 , which is an LCP plastic 

As mentioned above , dividing partition 52 and preferably material with filler and 30 % glass fiber reinforcement . 
other portions of hosing 46 are formed of LCP such that 35 XYDAR G - 930 LCP is a glass reinforced injection molding 
infrared light internally - reflected within the housing such as , grade polymer developed specifically for electronic appli 
by way of example , in the direction of dividing partition 52 cations utilizing surface mount technology , and features 
and / or other portions of housing 46 is substantially attenu excellent moldability characteristics . XYDAR G - 930 resin 
ated or absorbed by the LCP contained therein . It has been can fill very thin walls over long flow lengths with little or 
discovered that undesired infrared light rays reflecting inter - 40 no flash , even at mold temperatures below 200° F . ( 93° C . ) . 
nally within sensor 10 can increase the amount of crosstalk In addition , it has low warpage in molded products and 
incident on receiver 60 by saturating the potting compound exceptional weld line strength . Like many other LCPs , 
used inside the package . See FIG . 3 , for example , where XYDAR G - 930 exhibits high strength and stiffness ( even at 
some portion of direct infrared light rays 92 emitted by elevated temperatures ) , a low coefficient of thermal expan 
transmitter or LED 70 are illustrated as passing through 45 sion , a high deflection temperature , inherent flame resis 
partitioning divider 52 for potential detection by receiver or t ance , and strong resistance to most chemicals , weathering , 
detector 60 . The composition and thickness of partitioning and radiation . In addition to SOLVAY ADVANCED POLY 
divider 52 are formulated and configured to minimize the MERS , other manufacturers of LCP include AMOCO PER 
magnitude of such undesired direct infrared light rays pass - FORMANCE PRODUCTSTM and HOECHST CELANESE 
ing through partitioning divider 52 , and to prevent the 50 CORPORATION . TM Formulations of LCP suitable for use in 
unwanted propagation of internal reflections of such direct forming the housings of the present invention include , but 
infrared light rays within cavity or recess 48 . are not limited to , those which are biphenol - based and 

Referring now to FIG . 4 , there are shown infrared light napthaline - based . 
rays 92 emitted by transmitter 70 , which pass through first LCPs are relatively inert . They resist stress cracking in the 
aperture 112 for incidence upon the underside of cover 55 presence of most chemicals at elevated temperatures , includ 
window 160 . In some applications cover window 160 is ing aromatic or halogenated hydrocarbons , strong acids , 
provided as part of the portable or other type of electronic bases , ketones , and other aggressive industrial substances . 
device in which proximity sensor 10 is housed and mounted . Hydrolytic stability in boiling water is also good . Easy 
As illustrated in FIG . 4 , portions of direct infrared light rays processibility of LCP resins may be attributed to their 
92 , which under optimal conditions would pass substantially 60 liquid - crystal molecular structure , which provides high melt 
unattenuated through cover window 160 for incidence upon flow and fast setup in molded parts . The physical properties 
and reflection from an object to be detected ( not shown in of parts molded from LCP are generally not affected by 
the Figures ) , are instead converted at the bottom and top minor variations in processing conditions , and thus post 
surfaces of cover window 160 into reflected 94 , scattered , curing requirements are generally not very rigorous . 
refracted 93 and / or 95 , indirect or otherwise undesired 65 To attenuate and absorb undesired reflected , internally 
downwardly - directed light rays which may be sensed by reflected , externally reflected , stray or scattered infrared 
receiver 60 as false proximity or object detection signals . light rays , shield 111 comprises an infrared - absorbing mate 
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rial disposed on at least a top surface thereof . In one thereof from LCP ; and / or ( f ) integrally molding at least 
embodiment , shield 111 comprises a lip 62 and the combi portions of the lead frame into housing 46 . Other methods of 
nation of the shield 111 and lip 62 is formed of metal and is making or using package 10 or housing 46 are also contem 
blackened or painted on at least top portions thereof to plated , such as providing housing 46 or housing components 
reduce the effects of undesired infrared light rays that are 5 made of a material other than LCP , or coating or laminating 
scattered or reflected from cover window 160 . It has also housing 46 , housing components or shield 111 with LCP by 
been discovered that a close fit of shield 111 is important to laminating , coating , spin - coating , molding , injection mold 
prevent gaps from allowing undesired infrared light rays to i ng or other means . 
penetrate to the package and eventually become incident Although specific embodiments have been illustrated and 
upon receiver 60 in sensor package 10 . 10 described herein , it will be appreciated by those of ordinary 

The infrared absorbing material of shield 111 may assume skill in the art that a variety of alternate and / or equivalent 
any number of different forms , such as black or dark paint , implementations may be substituted for the specific embodi 
or indeed any other suitable type of dark coating applied to ments illustrated and described without departing from the 
the top and / or side surfaces of shield 111 . The infrared scope of the present invention . This application is intended 
absorbing material of shield 111 may comprise LCP or any 15 to cover any adaptations or variations of the specific 
other suitable polymer or infrared - absorbing material . In one embodiments discussed herein . Therefore , it is intended that 
embodiment , shield 111 is formed or molded from such a this invention be limited only by the claims and the equiva 
material , and is not formed of metal . lents thereof . 

FIG . 6 shows a functional block diagram according to one Note further that included within the scope of the present 
embodiment of infrared proximity sensor package 10 , where 20 invention are methods of making and having made the 
processor or ASIC 90 is operably connected to PIN receiver various components , devices and systems described herein . 
60 and VLED transmitter 70 . Processor 90 preferably com - While the primary use of the input device of the present 
prises transmitter driving circuitry , receiver detection cir - invention is believed likely to be in the context of relatively 
cuitry and signal conditioning circuitry , and in preferred small portable devices , it may also be of value in the context 
embodiments is an application specific integrated circuit 25 of larger devices , including , for example , keyboards asso 
( ASIC ) . Terminal pins 101 , 102 , 103 , 104 , 105 , 106 , 107 , ciated with desktop computers or other less portable devices 
108 , 109 , and / or 110 are operably connected to processor 90 , such as , by way of non - limiting example only , exercise 
transmitter 70 and receiver 60 by wirebonding or other equipment , industrial control panels , or household or other 
suitable means known to those skilled in the art . appliances . 

In one embodiment , as shown in FIG . 7 , there is provided 30 The above - described embodiments should be considered 
a method of making infrared proximity sensor package 10 as examples of the present invention , rather than as limiting 
comprising providing shield 111 disposed atop package 10 the scope of the invention . In addition to the foregoing 
and having first and second apertures 112 and 114 disposed embodiments of the invention , review of the detailed 
therethrough and positioned over infrared transmitter 70 and description and accompanying drawings will show that there 
infrared receiver 60 , respectively . The infrared light emitted 35 are other embodiments of the present invention . Accord 
by transmitter 70 passes through first aperture 112 and ingly , many combinations , permutations , variations and 
infrared light reflected from an object to be detected passes modifications of the foregoing embodiments of the present 
through second aperture 114 for detection by receiver 60 , invention not set forth explicitly herein will nevertheless fall 
shield 111 comprising an infrared - absorbing material dis - within the scope of the present invention . 
posed on at least a top surface thereof . Housing 46 is 40 We claim : 
provided comprising sidewalls 45 , first recess 50 , second 1 . An infrared proximity sensor package , comprising : 
recess 48 and partitioning divider 52 disposed between first an infrared transmitter ; 
and second recesses 50 and 48 . Transmitter 70 is positioned an infrared receiver ; 
within first recess 50 , and receiver 60 is positioned within a shield disposed atop the package and having first and 
second recess 48 . Partitioning divider 52 comprises LCP 45 second apertures disposed therethrough and positioned 
such that partitioning divider 52 and infrared - absorbing over the infrared transmitter and the infrared receiver , 
shield 111 cooperate together to substantially attenuate and respectively , such that infrared light emitted by the 
absorb infrared light that would otherwise be internally transmitter passes through the first aperture and infra 
reflected within housing 46 and detected by receiver 60 as a red light reflected from an object to be detected passes 
false signal . through the second aperture for detection by the 

Another example of such a method may comprise one or receiver , the shield comprising an infrared - absorbing 
more of : making a lead frame ( step 162 ) ; molding the material disposed on at least a top surface thereof ; 
housing and incorporating the lead frame therein ( step 164 ) ; a housing comprising sidewalls , a first recess at least 
attaching the integrated circuit dice inside the housing ( step partially aligned with the first aperture of the shield , a 
166 ) ; testing the functionality of the chip ( step 168 ) ; encap - 55 second recess at least partially aligned with the second 
sulating cavities within which chips are disposed and form aperture , and a partitioning divider disposed between 
ing or attaching lenses ( step 170 ) ; and wirebonding dice to the first and second recesses , the partitioning divider 
terminals ( step 172 ) . comprising a first portion and second portion , the first 

Such a method may further comprise any one or more of : portion being of a first thickness and the second portion 
( a ) providing a lead frame configured to fit beneath housing 60 being of a second thickness different from the first 
46 and engage lower portions 43 thereof , the lead frame thickness , the first portion substantially separating the 
comprising first and second frame portions ; ( b ) attaching the transmitter and receiver ; 
lead frame to lower housing portion 43 ; ( c ) disposing wherein the transmitter is disposed in the first recess , the 
transmitter 70 on the first frame portion and positioning receiver is disposed in the second recess , and the 
transmitter 70 within first recess 50 ; ( d ) disposing receiver 65 partitioning divider comprises liquid crystal polymer 
60 on the second frame portion and positioning receiver 60 ( LCP ) such that the partitioning divider and the infra 
within second recess 48 ; ( e ) molding housing 46 or portions red - absorbing material of the shield cooperate together 
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to substantially attenuate and absorb undesired infrared 16 . The infrared proximity sensor package of claim 1 , 
light that may otherwise become internally - reflected wherein the sensor package is incorporated into an elec 
within the housing or incident upon the receiver as a tronic device selected from the group consisting of a por 
false signal . table electronic device , a hand - held portable electronic 

2 . The infrared proximity sensor package of claim 1 , 5 laim 1 5 device , a stationary electronic device , a washing machine , a 
dryer , an exercise machine , an industrial control or switch wherein the thickness T of the partitioning divider exceeds ing device , a camera , a toy , a mobile telephone , a cellular about 0 . 4 mm such that at least about 90 % of the infrared telephone , a portable music player , a remote control , a light internally - reflected within the housing is not detected television , an air conditioning unit , a heating unit , an audio 

by the receiver and is attenuated or absorbed by the shield playback device , an audio recording device , an MP3 player , 
and the LCP . a laptop computer , a personal data assistant ( PDA ) , a radio , 

3 . The infrared proximity sensor package of claim 1 , and a transceiver . 
wherein the thickness T of the partitioning divider exceeds 17 . The infrared proximity sensor package of claim 1 , 
about 0 . 5 mm such that at least about 95 % of the infrared wherein the sensor package is incorporated into a telephone 
light internally - reflected within the housing is not detected and operably connected to at least one of an auto - volume 
by the receiver and is attenuated or absorbed by the shield 15 adjustment circuit and an open - phone detection circuit . 
and the LCP . 18 . The infrared proximity sensor package of claim 1 , 

4 . The infrared proximity sensor package of claim 1 , further comprising a lens disposed over at least one of the 
wherein the thickness T of the partitioning divider exceeds transmitter and the receiver and within at least one of the 
about 0 . 6 mm such that at least about 97 % of the infrared 30 first aperture and second aperture . 
light internally - reflected within the housing is not detected 20 19 . The infrared proximity sensor package of claim 18 , 
by the receiver and is attenuated or absorbed by the shield wherein the lens is configured to act as a low - cut filter that 
and the LCP . at least partially rejects wavelengths of light less than about 

5 . The infrared proximity sensor package of claim 1 , 700 nm . 
wherein top and side surfaces of the shield are black . 20 . The infrared proximity sensor package of claim 18 , 

6 . The infrared proximity sensor package of claim 1 , 25 wherein the lens is formed from a thermoset epoxy or a 
wherein the shield comprises an infrared - absorbing polymer . polymer . 

7 . The infrared proximity sensor package of claim 6 , 21 . The infrared proximity sensor package of claim 1 , 
wherein the infrared - absorbing polymer comprises LCP . wherein at least one of a length and a width of the package 

8 . The infrared proximity sensor package of claim 1 , 30 is less than about 5 mm . 
wherein the shield is a black coating . 30 22 . The infrared proximity sensor package of claim 1 , 

9 . The infrared proximity sensor package of claim im 1 1 , wherein a height of the package is less than about 3 mm . 
further comprising a lead frame configured to fit beneath the 23 . A method of making an infrared proximity sensor 
housing , the transmitter being disposed on a first frame lisposed on a first frame package , comprising : 
portion thereof , the receiver being disposed on a second 35 providing an infrared transmitter ; 
frame portion thereof such that the transmitter is positioned providing an infrared receiver ; 
within the first recess and the receiver is positioned within providing a shield disposed atop the package and having 

first and second apertures disposed therethrough and the second recess , wherein at least a portion of the lead 
frame is moldably integrated into the housing such at the at positioned over the infrared transmitter and the infrared 
least a portion of the leadframe is exposed in at least one of 10 receiver , respectively , such that infrared light emitted 
the first and second recess of the housing . by the transmitter passes through the first aperture and 

10 . The infrared proximity sensor package of claim 1 , infrared light reflected from an object to be detected 
wherein the sidewalls of the housing comprise LCP such that passes through the second aperture for detection by the 
infrared light internally - reflected within the housing in the receiver , the shield comprising an infrared - absorbing 
direction of the sidewalls is substantially attenuated or 45 material disposed on at least a top surface thereof ; 
absorbed by the LCP contained therein . providing a housing comprising sidewalls , a first recess 

11 . The infrared proximity sensor package of claim 1 , positioned underneath the first aperture of the shield , a 
wherein the sidewalls and partitioning divider of the housing second recess positioned underneath the second aper 
are molded from LCP to form the housing as a single unitary ture of the shield , and a partitioning divider disposed 

between the first and second recesses , the partitioning piece of LCP . 
12 . The infrared proximity sensor package of claim 1 , divider comprising a first portion and second portion , 

further comprising a processor operably coupled to the the first portion being of a first thickness and the second 
transmitter and the receiver , the processor comprising trans portion being of a second thickness different from the 
mitter driving circuitry , receiver detection circuitry and first thickness , the first portion substantially separating 
signal conditioning circuitry . the transmitter and receiver ; 

55 13 . The infrared proximity sensor package of claim 1 , positioning the transmitter within the first recess , and 
wherein the transmitter comprises an infrared LED trans positioning the receiver within the second recess ; 
mitter . wherein the partitioning divider comprises liquid crystal 

14 . The infrared proximity sensor package of claim 1 , polymer ( LCP ) such that the partitioning divider and 
wherein the receiver comprises at least one of a PIN diode , 60 the infrared - absorbing material of the shield cooperate 
a photo - diode and a phototransistor . together to substantially attenuate and absorb undesired 

15 . The infrared proximity sensor package of claim 1 , infrared light that may otherwise become internally 
wherein at least one of the transmitter and the receiver is reflected within the housing or incident upon the 
configured for operation within a bandwidth ranging receiver as a false signal . 
between about 800 nm and about 1100 nm * * * * * 

50 


